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(57) ABSTRACT

A vacuum cathode arc-induced pulsed thruster includes a
housing where a triggering room and an electric discharging
room are defined and are in communication with each other,
a first anode unit and a first cathode unit concentrically
disposed 1n the triggering room, a second anode umt dis-
posed 1n the electric discharging room, an insulating fuel
layer concentrically located between the first anode unit and
the first cathode unmit, a main insulating layer concentrically
surrounded by the first cathode unit, and a second cathode
unmit inserted from the triggering room into the electric
discharging room. Thus, the vacuum cathode arc-induced
pulse thruster 1s lightweight and has low manufacturing
costs, low system complexity, and less energy consumption.
Carbon deposition caused during an electric discharging
process 1s prevented from affecting an inducing efiect to
thereby prolong the service life of the thruster and increase
the control precision and inducing precision eflectively.

5 Claims, 6 Drawing Sheets

S
312 31 2
34 2
35 \
36 ‘
.l’rll/ \ A
\\\ oo T 313

o

o
&
o

4




U.S. Patent Apr. 18,2023 Sheet 1 of 6 US 11,629,706 B2

3

\

35

36 A XANANL LY LK
NAARNNNY 313

.y /777777777/7/F ¢

N
o

311

312 O 33

34 52 38

FIG. 1



U.S. Patent Apr. 18,2023 Sheet 2 of 6 US 11,629,706 B2




U.S. Patent Apr. 18,2023 Sheet 3 of 6 US 11,629,706 B2

3

\

312

34 52

35
AT
'W "

T 313

FIG. 3



U.S. Patent Apr. 18,2023 Sheet 4 of 6 US 11,629,706 B2

312

/| X

/ V éﬁg O
2k

/ MU

FIG. 4



U.S. Patent Apr. 18,2023 Sheet 5 of 6 US 11,629,706 B2

\\

"\ yssssva

33

FIG. 5



U.S. Patent Apr. 18,2023 Sheet 6 of 6 US 11,629,706 B2

312 31

33
34 92
35

/ AAIRRRRRRRS

+—— 313

= 11)7 -

IIA.%& N

V’,Il

36

\

/

FIG. 6



US 11,629,706 B2

1

VACUUM CATHODE ARC-INDUCED
PULSED THRUSTER

BACKGROUND OF THIS INVENTION

1. Field of this Invention

This invention relates to a thruster and relates particularly
to a vacuum cathode arc-induced pulsed thruster.

2. Description of the Related Art

Pulsed plasma thruster (PPT) 1s a new type of thruster
developed 1n recent years. The pulsed plasma thruster 1s an
clectric propulsive thruster which accelerates the plasma by
an 1nteraction between electric field and magnetic field to
create thrust. The pulsed plasma thruster 1s one of the most
promising electric propulsive thrusters since 1t 1s lightweight
and has low manufacturing costs, simple structure, and less
energy consumption. Meanwhile, 1t can achieve a preferable
cllect 1 attitude control and station keeping for satellites.
Two diflerent prototypes of general pulsed plasma thruster
are developed. One 1s solid fed pulsed plasma thruster. The
solid fed pulsed plasma thruster has simple structure and 1s
the most commonly used thruster. It induces the electric
discharge and further creates thrust by electrodes of spark
plug and propellant. However, in order to fit the require-
ments of inducing the electric discharge by the spark plug,
extremely high voltage 1s needed under a vacuum environ-
ment. Further, carbon generated during an electric discharge
process will deposit on surfaces of the electrodes of the
spark plug and the propellant, and that will affect the electric
discharge and inducing eflect. Further, the service life is
shortened and use efliciency 1s reduced greatly.

The other one 1s gas 1mitiated pulsed plasma thruster. For
the gas mitiated pulsed plasma thruster, capacitance can
cause the electric discharge when enough capacitive gas 1s
generated between electrodes, and argon 1s used as both
propellant and mitiator for inducing the electric discharge.
The capacitive gas 1s adapted to execute the electric dis-
charge. When the breakdown voltage 1s smaller than the
breakdown voltage of the atmospheric environment, the
impulse generated by the maximum single pulse can achieve
the eflect of propulsion. However, gas propellant will con-
sume more fuel and the propulsive efliciency is poor. More-
over, both solid fed pulsed plasma thruster and gas mnitiated
pulsed plasma thruster will cause late-time ablation, and that
will reduce the performance and service life of the thruster.
Accordingly, 1t 1s an 1ssue how to develop a thruster which
has longer service life, higher performance, and lower
energy consumption.

SUMMARY OF THIS INVENTION

The object of this mmvention 1s to provide a vacuum
cathode arc-induced pulsed thruster capable of reducing
influence of carbon deposition, converting carbon deposition
into fuel, prolonging service life effectively, and increasing
the control precision and inducing precision.

The vacuum cathode arc-induced pulsed thruster of this
invention includes a housing where a triggering room and an
clectric discharging room are enclosed and a central axis 1s
defined, a first anode unit disposed 1n the triggering room, a
second anode unit disposed in the electric discharging room
and spaced from the first anode unit, an 1insulating fuel layer
surrounded by the first anode unit, a first cathode unit
disposed 1n the triggering room and spaced from the first

10

15

20

25

30

35

40

45

50

55

60

65

2

anode unit to allow the insulating fuel layer to be located
between the first anode unit and the first cathode unit, a main
isulating layer surrounded by the first cathode unit, and a
second cathode unit disposed 1n the housing and inserted
from the triggering room into the electric discharging room
along the central axis. Meanwhile, the first anode unit, the
insulating fuel layer, the first cathode unit, and the main
insulating layer are in concentric relationship with one
another around the central axis of the housing. Therefore,
after the first anode unit and the first cathode unit interact
and 1nduce the electric discharge, the nsulating fuel layer
located between the first anode unit and the first cathode unit
1s mnduced to generate plasma. The plasma then enters into
the electric discharging room. The second anode unit and the
second cathode unit further interact and induce the electric
discharge to allow the high-speed exhaust velocity of metal
ions 1n the plasma to generate thrust. Thus, no additional
clement such as spark plug 1s needed. The vacuum cathode
arc-induced pulsed thruster 1s lightweight and has low
manufacturing costs, low system complexity, and less
energy consumption. Carbon deposition caused during an
clectric discharging process 1s prevented from aflecting an
inducing eflfect to thereby convert carbon deposition into
tuel, prolong the service life of the thruster and increase the
control precision and inducing precision effectively.
Preferably, a control device 1s connected to the first anode
unit, the first cathode unit, the second anode unit, and the
second cathode unit respectively.
Preferably, the msulating fuel layer 1s made of Polytet-
rafluoroethylene (sold under the trademark TEFLONT™),
Preferably, a partitioning unit projects from the inner
peripheral wall of the housing in order that the first anode
unmit and the second anode unit are spaced from each other.
Preferably, the partitioning unit tapers from the triggering
room to the electric discharging room.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view showing a first preferred
embodiment of this invention;

FIG. 2 1s a perspective view showing the first preferred
embodiment of this invention;

FIG. 3 1s a schematic view showing the first anode unit
and the first cathode unit interact and induce the electric
discharge;

FIG. 4 1s a schematic view showing the plasma 1s gen-
erated;

FIG. 5 1s a schematic view showing the plasma enters 1nto
the electric discharging room from the triggering room and
forms a channel; and

FIG. 6 1s a schematic view showing the second anode unit
and the second cathode unit interact and induce the electric
discharge and generate thrust.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1l

Retferring to FIG. 1 and FIG. 2, a vacuum cathode
arc-induced pulsed thruster 3 of a first preferred embodiment
of this mvention comprises a housing 31 defining a central
axis R and having an inner peripheral wall 311 which
encloses a triggering room 312 and an electric discharging
room 313 respectively, a first anode unit 32 disposed in the
triggering room 312 and fitting the inner peripheral wall 311
of the housing 31, a second anode umt 33 disposed in the
clectric discharging room 313 and fitting the inner peripheral
wall 311 of the housing 31, an msulating fuel layer 34
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surrounded by the first anode unit 32, a first cathode unit 35
disposed 1n the triggering room 312 and spaced from the first
anode unit 32 to allow the insulating fuel layer 34 to be
located between the first anode unit 32 and the first cathode
unit 35, a main insulating layer 36 surrounded by the first
cathode unit 35, and a second cathode unit 37 disposed in the
housing 31 and inserted from the triggering room 312 into
the electric discharging room 313 along the central axis R.
The first anode unit 32 and the second anode unit 33 are
spaced from each other. The triggering room 312 and the
clectric discharging room 313 are in communication with
cach other. Further, the first anode unit 32, the msulating fuel
layer 34, the first cathode unit 35, and the main insulating
layer 36 are in concentric relationship with one another
around the central axis R of the housing 31. In this preferred
embodiment, the insulating fuel layer 34 1s made of a
Polytetrafluoroethylene (sold under the trademark TEF-
LONT™M),

In this preferred embodiment, a partitioning unit 38
projects Irom the inner peripheral wall 311 of the housing 31
so that the first anode unit 32 and the second anode unit 33
are spaced from each other. Meanwhile, the partitioning unit
38 tapers from the triggering room 312 to the electric
discharging room 313. A control device 4 1s connected to the
first anode unit 32, the first cathode unit 35, the second
anode unit 33, and the second cathode unit 37 respectively.
The control device 4 can mput positive voltage into the first
anode unit 32 and the second anode unit 33 and 1input
negative voltage into the first cathode unit 35 and the second
cathode unit 37 to thereby control the first anode unit 32 and
the first cathode unit 35 to execute the electric discharge and
control the second anode unit 33 and the second cathode unit
37 to execute the electric discharge.

Referring to FIG. 3 and FIG. 4, during an operation of the
vacuum cathode arc-induced pulsed thruster 3, the control
device 4 controls the first anode unit 32 and the first cathode
unit 35 to interact and induce the electric discharge to
thereby generate an electric arc between the first anode unit
32 and the first cathode unit 35. The electric arc 1s concen-
trated on a surface of the first cathode unit 35 to form a
cathode spot. The extremely high temperature of the cathode
spot then causes the thermionic emission and generates
plasma. The plasma 1s further discharged to the triggering
room 312 to thereby generate thrust mitially. Meanwhile, the
plasma 1s generated from the micro-explosion and the
cvaporation of the first cathode unit 35, and that will
consume carbon formed the surface of the first cathode unit
35 and a surface of the mnsulating fuel layer 34.

Referring to FIG. 5 and FIG. 6, the plasma enters into the
clectric discharging room 313 from the triggering room 312
to thereby form a channel in the electric discharging room
313. Simultaneously, the control device 4 actuates the sec-
ond anode unit 33 and the second cathode unmit 37 to interact
and induce the electric discharge. The electric discharge then
allows the plasma 1n the electric discharging room 313 to
induce an interaction of electric field and magnetic field to
turther generate Lorentz force and accelerate the thrust.
Moreover, because the msulating fuel layer 34 1s made of
Polytetrafluoroethylene (sold under the trademark TEF-
LON™)  part of carbon will deposit on the surface of the
first cathode unit 35 and the surface of the msulating fuel
layer 34 when the plasma 1s generated from the electric arc
to thereby resupply the carbon of the first cathode unit 35
and the mnsulating fuel layer 34. Thus, the carbon deposition
in this invention will not affect the inducing effect and the
clectric discharge. Further, it can help resupply the carbon of
the first cathode unit 35 and the insulating fuel layer 34 to
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thereby prolong the service life of the first cathode unit 35
and the msulating fuel layer 34. Hence, this mnvention 1is
unlike the conventional thruster which needs extremely high
voltage to induce the electric discharge by the spark plug.
Meanwhile, the vacuum cathode arc-induced pulsed thruster
3 can avoid the deficiency of poor fire-lighting effect caused
when the electrodes of the spark plug of the conventional
thruster 1s covered by carbon. Thus, the vacuum cathode
arc-induced pulsed thruster 3 can increase the control pre-
cision and inducing precision without being aflected by the
carbon deposition.

To sum up, the vacuum cathode arc-induced pulsed
thruster of this invention takes an advantage of the entire
structure which has the housing enclosing the electric dis-
charging room and the triggering room and defining the
central axis, the first anode unit and the second anode unit
respectively disposed 1n the triggering room and the electric
discharging room, the nsulating fuel layer enclosed by the
first anode unit, the first cathode umt disposed in the
triggering room and spaced from the first anode unit to allow
the insulating fuel layer located between the first anode unit
and the first cathode unit, the main 1insulating layer enclosed
by the first cathode unit, and the second cathode umit
penetrating from the triggering room 1into the electric dis-
charging room along the central axis to thereby be light-
weight and have low manufacturing costs, low system
complexity, and less energy consumption. Further, carbon
deposition caused during an electric discharging process 1s
prevented from aflecting an inducing eflect to thereby pro-
long the service life of the thruster and increase the control
precision and mducing precision eflectively.

While the embodiments of this invention are shown and
described, 1t 1s understood that further variations and modi-
fications may be made without departing from the scope of
this 1nvention.

What 1s claimed 1s:

1. A vacuum cathode arc-induced pulsed thruster com-

prising:

a housing defining a central axis and having an inner
peripheral wall, with a triggering room and an electric
discharging room respectively enclosed by said inner
peripheral wall, said triggering room and said electric
discharging room being 1n communication with each
other;

a first anode unit and a second anode umt respectively
disposed 1 said triggering room and said electric
discharging room, said first anode unit and said second
anode unit fitting said inner peripheral wall of said
housing respectively and spaced from each other;

an isulating fuel layer surrounded by said first anode
unit;

a first cathode unit disposed 1n said triggering room and
spaced from said first anode unit, with said insulating
fuel layer located between said first anode unit and said
first cathode unit;

a main 1nsulating layer surrounded by said first cathode
unit; and

a second cathode umit disposed in said housing and
iserted from said triggering room into said electric
discharging room along said central axis;

wherein said first anode umt, said nsulating fuel layer,
said first cathode unit, and said main insulating layer
are 1n concentric relationship with one another around
said central axis of said housing.

2. The wvacuum cathode arc-induced pulsed thruster

according to claim 1, further comprising a control device
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connected to said first anode unit, said first cathode unit, said
second anode unit, and said second cathode unit respec-
tively.

3. The wvacuum cathode arc-induced pulsed thruster
according to claim 1, wherein said insulating fuel layer 1s 5
made of Polytetratluoroethylene (sold under the trademark
TEFLON™),

4. The vacuum cathode arc-induced pulsed thruster
according to claim 1, wherein a partitioning unit projects
from said iner peripheral wall of said housing so that said 10
first anode unit and said second anode unit are spaced from
cach other.

5. The wvacuum cathode arc-induced pulsed thruster
according to claim 4, wherein said partitioning unit tapers
from said triggering room to said electric discharging room. 15
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